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Foreword 


This  tabulation  of  data  on  microwave  tubes  currently  in  use  lias  been 
prepared  as  part  of  the  National  Bureau  of  Standards  Electron  Devices  Data 
Service.  Established  in  1948  to  provide  technical  data  on  radio  tubes  to 
members  of  the  Bureau  Staff,  the  service  has  since  been  extended  to  all  sci¬ 
entists  and  engineers  in  government  and  industry.  In  the  course  of  the  pro¬ 
gram,  a  large  volume  of  information  on  domestic  and  foreign  devices  was 
accumulated  on  punched  cards  from  which  it  could  be  automatically  printed. 
It  was  felt  desirable  to  make  these  data  available  in  a  single  reference  source 
as  an  aid  to  circuit  designers  in  selecting  tube  types  for  particular  uses. 

The  engineer  should  find  this  manual  useful  in  narrowing  down  the  choice 
of  tubes  to  one  or  a  few  types.  However,  it  is  not  practical  to  give  all  possible 
operating  conditions  or  to  provide  the  characteristic  curves  for  each  tube  in  a 
tabulation  such  as  this.  It  will  still  be  necessary  to  consult  the  tube  manu¬ 
facturer’s  literature  for  such  detailed  information. 

All  information  appearing  in  this  publication  was  taken  from  manufac¬ 
turer’s  published  specifications,  and  every  effort  has  been  made  to  ensure  ac¬ 
curacy  and  completeness.  However,  the  Bureau  cannot  assume  responsibility 
for  omissions  nor  for  results  obtained  with  these  data. 

A  tabulation  of  data  on  receiving  tubes  has  been  issued  previously  as 
NBS  Handbook  103.  Additional  tabulations  for  other  electron  devices  are  being 
developed  and  will  be  issued  as  rapidly  as  they  are  completed.  Also,  revisions 
of  this  and  other  tabulations  will  be  issued  as  deemed  necessary  to  keep  them 
up  to  date. 

A.  V.  Astin,  Director. 
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Tabulation  of  Data  on  Microwave  Tubes 

J.  K.  Moffitt 


A  tabulation  of  microwave  electron  tubes  with  characteristics  of  each  type  has  been 
arranged  in  the  form  of  two  major  listings,  a  Numerical  Listing  in  which  the  tubes  arc 
arranged  by  type  number,  and  a  Characteristic  Listing  in  which  the  tubes  are  arranged  by 
the  kind  of  tube,  and  further  ordered  on  the  basis  of  minimum  frequency  and  power  output. 


1.  Introduction 

The  Electron  Devices  Section  of  the  National 
Bureau  of  Standards  has  developed  over  the  past 
decade  an  Electron  Devices  Data  Service.  This 
service  collects  and  maintains  a  file  of  data  on  all 
electron  devices,  i.e.,  tubes,  transistors,  diodes, 
etc.,  manufactured  in  the  United  States  and  other 
countries.  In  an  effort  to  make  this  service  more 
readily  available  to  engineers  applying  electronics 
in  the  laboratories  throughout  the  country,  it  was 
decided  to  develop  a  method  of  tabulating  the 
essential  information  pertaining  to  tube  character¬ 
istics  in  handbook  form  for  ready  reference.  For 
this  publication  on  Microwave  Tubes,  an  easily 
decipherable  code  and  format  of  the  tube  char¬ 
acteristics  Avhich  was  adaptable  to  punched  cards 
was  developed.  Both  accuracy  and  flexibility  are 
incorporated  into  the  system.  The  sources  of  in¬ 
formation  were  the  manufacturers’  published  hand¬ 
books  and  data  sheets.  The  accuracy  of  the  printed 
information  is  reasonably  assured  by  verifying 
tabulations  by  various  sortings  and  cross  checking 
with  manufacturers’  publications.  This  tabulation 
includes  only  the  information  normally  furnished 
by  the  manufacturers  in  their  handbooks  or  data 
sheets.  All  data  in  our  files  up  to  April  1,  1967,  is 
included  in  this  tabulation. 

This  tabulation  includes  only  those  tube  types 
of  the  general  class  known  in  the  field  of  electronics 
as  microwave  tubes,  i.e.,  tubes  employed  as  oscil¬ 
lators  and  power  amplifiers  at  frequencies  above 
approximately  1,000  MHz  and  which  are  “velocity 
controlled”  with  transit  times  in  excess  of  0.3 
radian.  Some  developmental  types  have  been 
included. 

2.  Organization  of  the  Tabulation 

The  Microwave  Tabulation  comprises  two  prin¬ 
cipal  sections  as  follows: 


1.  Numerical  Listing.  In  this,  the  tubes  are 
arranged  by  type  number  in  the  numerical-alpha¬ 
betical  sequence  which  is  standard  in  the  industry. 

2.  Characteristics  Listing.  Here  the  tubes  are 
sorted  into  the  basic  groups  and  then  are  arranged 
by  increasing  value  of  one  or  more  pertinent 
characteristics. 

3.  Sorting  and  Terminology  of  the 
Tabulation 

To  assist  the  user  in  understanding  and  apply¬ 
ing  the  tabulation,  the  method  of  sorting  and  the 
definition  of  terms  and  code  used,  are  explained 
in  this  section. 

3.1.  Sorting  Methods 

The  Numerical  Listing  is  arranged  in  the 
numerical-alphabetical  sequence  by  tube  type 
number  which  is  explained  under  the  heading 
“Type  Number”  in  section  3.2. 

In  the  Characteristic  Listing,  the  tube  types  are 
arranged  into  basic  groups  or  kinds,  e.g.,  klystron 
amplifier,  klystron  oscillators,  magnetrons,  etc., 
and  then  sorted  primarily  by  minimum  frequency 
and  secondarily  by  power  output.  The  basic 
groups  are  listed  inder  the  heading  “Kind”  in 
section  3.2,  Terminology.  This  method  of  sorting 
permits  the  user  to  find  the  type  numbers  which 
most  completely  satisfy  his  requirements. 

3.2.  Terminology 

The  Numerical  and  Characteristic  Listings  arc 
in  tabular  form  containing  24  columns.  The 
headings  of  these  columns  and  their  meanings 
are  given  below. 

A  blank  in  any  column  indicates  that  the  char¬ 
acteristic  designated  by  the  column  is  not  appli¬ 
cable  to  the  type  number  in  question  or  that  no 
value  was  given  in  the  available  data. 
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Definitions 

Type  Number.  This  column  lists  the  numerical- 
alphabetical  designation  assigned  by  the  manu¬ 
facturer.  The  Numerical  Listing  on  page  7  has 
been  arranged  according  to  the  industry  stand¬ 
ard,  i.e.,  primarily  by  arranging  the  initial  nu¬ 
merical  portion  in  sequence,  secondarily  by  ar¬ 
ranging  the  alphabetical  prefix  in  sequence  and 
finally  by  arranging  the  alphabetical  suffix  in 
order  e.g. 

2V315 

2W401 

HA3 

HK3 

W3MQ/1F 

3K2500SG 

3K3000LQ 

3KM300LA 

Symbols.  An  asterisk  (*)  is  used  to  designate 
tube  types  found  in  the  Military  Preferred  list 
issued  by  the  Department  of  Defense  as  “Military 
Standard  Electron  Tubes,  Selection  and  use  of” 
MIL-STD-200H,  17  January,  1966. 

An  equal  sign  (  =  )  designates  a  reliable  or  pre¬ 
mium  type  as  indicated  by  the  manufacturer. 

Kind.  A  three-letter  code  is  used  to  describe 
the  generic  group  of  tubes.  This  is  used  as  the 
primary  sorting  means  for  the  Characteristic 
Listing. 

AMA  Amplitron  Amplifier  or  Platinotron 

BWA  Backward  Wave  Amplifier 

BWO  Backward  Wave  Oscillator 

CAR  Carcinotron 

CFA  Crossed-Field  Amplifier 

KLA  Klystron  Amplifier 

IvLM  Klystron  Multiplier 

KLO  Klystron  Oscillator 

MAG  Magnetron 

TWA  Traveling  Wave  Amplifier 

TWM  Traveling  Wave  Multiplier 

Frequency.  Both  minimum  and  maximum 
frequency  of  operation  are  listed  in  gigahertz 
(10°  Hz)  with  the  exception  that  the  “letter- 
band”  designation  (i.e.,  S-band,  X-band)  is  used 
when  more  specific  information  is  unavailable. 
Fixed-tuned  tubes  are  available  at  any  frequency 
within  the  tabulated  range.  In  the  case  of  fre¬ 
quency  multiplier  tubes,  output  frequency  is 
tabulated. 

Duty  Cycle.  The  duty  cycle  for  pulsed  opera¬ 
tion  is  often  specified  as  a  percentage,  although 
it  may  also  appear  as  the  product  of  the  pulse- 
duration  time  (tp)  and  the  pulse-repetition  rate 
(; prr).  The  tabulated  value  is  the  product  of  the 
pulse-duration  time  and  the  pulse-repetition  rate 
times  104.  The  following  table  illustrates  both 
methods  of  specifying  Duty  Cycle  and  the 
corresponding  tabulated  value. 


Duty  cycle 

Tabulated 

% 

(tp)(prr) 

Value 

0.  05 

0. 0005 

5 

.  1 

.001 

10 

1.  0 

.01 

100 

10.  0 

.  1 

IK 

15.  0 

.  15 

*1K  (between  10%  and  20%) 

20.0 

2 

2K 

Tuning.  The  method  by  which  the  tube  is  fre¬ 
quency-tuned  is  shown  by  the  following  alphabeti¬ 
cal  code. 

FX  Fixed  tuned 

HY  Hydraulically  tuned 

MEC  Mechanically  tuned 

TH  Thermally  tuned 

VT  Voltage  tuned 

Manufacturer.  The  alphabetical  code  refers  to 
either  the  company  originally  registering  the  tube 
type  with  the  Electronic  Industries  Association  or 
the  manufacturer  of  the  type.  In  the  case  of  tubes 
produced  by  more  than  one  manufacturer,  this 
column  has  been  left  blank. 

AM  Amperex  Electronic  Corp. 

BE  Bendix  Aviation  Corp. 

BL  Bomac  Div.  of  Varian  Assoc. 

BM  Beam  Tube  Corporation 
CS  Compagnie  General  de  T.S.F. 

CV  Canadian  Varian 
EC  Microwave  Electronics  Corp. 

Palo  Alto 

EE  English  Electric  Valve  Co. 

El  Eimac  Div.  of  Varian 
EM  EMI  Electronics  Ltd. 

FE  Ferranti  Electric  Co. 

GC  General  Electric  Co.  Ltd. 

GE  General  Electric  Co. 

HI  Hitachi,  Ltd. 

HP  Hughes  Microwave  Tube  Div. 

HU  Huggins  Laboratories,  Inc. 

IT  International  Telephone  &  Telegraph  Corp. 
KK  Kobe  Kogyo 
LI  Litton  Industries 

LT  Lignes  Telegraphiques  et  Telephoniques 
MA  Microwave  Associates,  Inc. 

ME  Metcom 

MR  Mic tron,  Inc. 

MU  Milliard  Ltd. 

NC  Aksjeselskapot  Nera 
NE  Nippon  Electric  Co. 

OK  OKI  Electric  Industries  Co. 

PH  Philips  Laboratories 
PO  Polarad  Electric  Corp. 

RA  Raytheon  Co. 

RC  Radio  Corporation  of  America 
SD  SFD  Laboratories 
SE  Stewart,  Div.  of  Watkins-Johnson 
SH  Siemens  America,  Inc. 


SP  Sperry  Electronic  Tube  Division 

ST  Standard  Telephones  &  Cables  Ltd. 

TE  Telefunken  G.M.B.H. 

TO  Tokyo  Shibaura 
TV  Thomson- Varian 

VA  Varian  Associates 
W  Valvo  G.M.B.H. 

WH  Westinghouse  Electric  Co. 

WJ  Watkins-Johnson  Co. 

WT  Warnecke  Electron  Tube  Co. 

Operation.  This  is  an  alphabetical  code  to  indi¬ 
cate  the  type  or  operation,  as  shown, 

C  Continuous  Wave  Operation 
P  Pulsed  operation  (If  a  manufacturer 

has  specified  different  operating  param¬ 
eters  (i.e.  for  both  pulsed  and  CW), 
the  tube  is  tabulated  twice  to  include 
both  sets  of  conditions. 

Ej.  The  nominal  heater  or  filament  voltage  in 
volts. 

If.  The  nominal  heater  or  filament  current  in 
milliamperes. 

Beam  or  Anode  Volts.  The  maximum  anode, 
beam  or  resonator  voltage.  All  voltages  and 
currents  given  in  this  and  the  following  columns 
are  maximum  values  (peak  values  in  the  case  of 
pulsed  tubes)  as  these  will  aid  in  determining  the 
power  supplies  needed  to  operate  the  tube  over 
its  complete  range. 

Ik.  The  maximum  cathode  or  plate  current  in 
milliamperes. 

P0.  The  maximum  power  output. 

Collector,  Reflector,  etc.  Volts.  The  maximum 
collector,  reflector,  line,  etc.  voltage  whichever  is 
most  applicable. 

Control  Volts  Egl.  The  maximum  control, 
focusing  or  grid  voltage. 

Helix  Voltage.  The  maximum  helix  or  delay- 
line  voltage  of  traveling  wave  tubes. 

Gain.  The  maximum,  small-signal  gain  in 
decibels  or,  in  the  case  of  frequency  multiplier 
tubes,  the  multiplication  factor. 

NF.  The  typical  noise  factor  in  decibels. 

Pulling  Factor.  The  pulling  factor  in  mega¬ 
hertz. 


Bandwidth.  The  frequency  difference  between 
half-power  points  for  amplifier  tubes  or  the  elec¬ 
tronic  tuning  range  for  oscillator  tubes. 

Magnetic  Field.  Numerical  figures  indicate 
the  magnetic  field  strength  in  millitesla  (0.1  mT 
=  Gauss);  or  the  alphabetical  code  “IM”  indi¬ 
cates  an  integral  permanent  magnet  . 

Cavity.  The  number  and  type  of  cavities  char¬ 
acteristic  of  the  tube  is  indicated  by  the  code. 

EX  External  Cavity 

IN  Internal  Cavity 

RE  Reflex,  External  Cavity 
RI  Reflex,  Internal  Cavity 

#1  Number  of  internal  Cavities 

#E  Number  of  external  Cavities 

R  Reflex 

Coupling.  The  type  of  output  coupling  of  the 
tube  is  coded  as  follows: 

CO  Coaxial 

SP  Special 

WG  Waveguide 
WC  Waveguide  or  Coaxial 

3.3.  Unit  Symbols 

While  the  normally  used  electrical  unit  is 
printed  at  the  top  of  each  column,  it  will  be  noted 
that  letter  symbols  are  used  following  some  num¬ 
bers  to  indicate  a  change  of  unit. 


Symbol 

Heading 

Unit 

H 

F  requency 

100  Gigahertz 
(lOh  Hz) 

A 

I< 

Amperes 

K 

Eb 

Kilovolts 

A 

/k 

Amperes 

u 

Ik 

Microamperes 

K 

P0 

Kilowatts 

M 

Po 

Megawatts 

U 

Po 

Microwatts 

W 

Po 

Watts 

K 

Collector,  Reflector  Voltage 

Kilovolts 

K 

Control  Voltage 

Kilovolts 

K 

Helix  Voltage 

Kilovolts 

K 

Bandwidth 

Kilohertz 
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4.  Numerical  Listing  of 
Tube  Types 
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9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


Rw81  TWA  5.8  8.5  SH  C  6.3  800  60  2QW  1300  50  3K  39 

V82B  KLA  9.3  9.3  250  FX  V A  P  6.3  1500  18K  2900  7K  55 

HA -84  TWA  4.0  8.0  HU  C  6.3  1000  500  3  10  800  800  30  14 

HA85  TWA  1.0  2.0  HU  C  6.3  1000  150  3  5  400  250  25  14 

HA86  TWA  0.5  1.0  HU  C  6.3  1000  30  2  2  430  120  25  7 
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5.  Characteristic  Listing  of 
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THE  NATIONAL  BUREAU  OF  STANDARDS 


The  National  Bureau  of  Standards1  provides  measurement  and  technical  information  services 
essential  to  the  efficiency  and  effectiveness  of  the  work  of  the  Nation’s  scientists  and  engineers.  The 
Bureau  serves  also  as  a  focal  point  in  the  Federal  Government  for  assuring  maximum  application  of 
the  physical  and  engineering  sciences  to  the  advancement  of  technology  in  industry  and  commerce.  To 
accomplish  this  mission,  the  Bureau  is  organized  into  three  institutes  covering  broad  program  areas  of 
research  and  services: 

THE  INSTITUTE  FOR  BASIC  STANDARDS  .  .  .  provides  the  central  basis  within  the  United 
States  for  a  complete  and  consistent  system  of  physical  measurements,  coordinates  that  system  with  the 
measurement  systems  of  other  nations,  and  furnishes  essential  services  leading  to  accurate  and  uniform 
physical  measurements  throughout  the  Nation’s  scientific  community,  industry,  and  commerce.  This 
Institute  comprises  a  series  of  divisions,  each  serving  a  classical  subject  matter  area: 

— Applied  Mathematics — Electricity — Metrology — Mechanics — Heat — Atomic  Physics — Physical 
Chemistry — Radiation  Physics — Laboratory  Astrophysics2 — Radio  Standards  Laboratory,2  which 
includes  Radio  Standards  Physics  and  Radio  Standards  Engineering — Office  of  Standard  Refer¬ 
ence  Data. 

THE  INSTITUTE  FOR  MATERIALS  RESEARCH  .  .  .  conducts  materials  research  and  provides 
associated  materials  services  including  mainly  reference  materials  and  data  on  the  properties  of  ma¬ 
terials.  Beyond  its  direct  interest  to  the  Nation’s  scientists  and  engineers,  this  Institute  yields  services 
which  are  essential  to  the  advancement  of  technology  in  industry  and  commerce.  This  Institute  is  or¬ 
ganized  primarily  by  technical  fields: 

— Analytical  Chemistry — Metallurgy — Reactor  Radiations — Polymers — Inorganic  Materials — Cry¬ 
ogenics2 — Office  of  Standard  Reference  Materials. 

THE  INSTITUTE  FOR  APPLIED  TECHNOLOGY  .  .  .  provides  technical  services  to  promote  the 
use  of  available  technology  and  to  facilitate  technological  innovation  in  industry  and  government.  The 
principal  elements  of  this  Institute  are: 

— Building  Research — Electronic  Instrumentation — Technical  Analysis — Center  for  Computer  Sci¬ 
ences  and  Technology — Textile  and  Apparel  Technology  Center — Office  of  Weights  and  Measures 
— Office  of  Engineering  Standards  Services — Office  of  Invention  and  Innovation — Office  of  Vehicle 
Systems  Research — Clearinghouse  for  Federal  Scientific  and  Technical  Information3 — Materials 
Evaluation  Laboratory — NBS/GSA  Testing  Laboratory. 

1  Headquarters  and  Laboratories  at  Gaithersburg,  Maryland,  unless  otherwise  noted;  mailing  address  Washington,  D.  C., 
20234. 

2  Located  at  Boulder,  Colorado,  80302. 

3  Located  at  5285  Port  Royal  Road,  Springfield,  Virginia  22151. 


NBS  TECHNICAL  PUBLICATIONS 


PERIODICALS 

JOURNAL  OF  RESEARCH  reports  Na¬ 
tional  Bureau  of  Standards  research  and  develop¬ 
ment  in  physics,  mathematics,  chemistry,  and 
engineering.  Comprehensive  scientific  papers  give 
complete  details  of  the  work,  including  laboratory 
data,  experimental  procedures,  and  theoretical  and 
mathematical  analyses.  Illustrated  with  photographs, 
drawings,  and  charts. 

Published  in  three  sections ,  available  separately: 

•  Physics  and  Chemistry 

Papers  of  interest  primarily  to  scientists  working  in 
these  fields.  This  section  covers  a  broad  range  of 
physical  and  chemical  research,  with  major  emphasis 
on  standards  of  physical  measurement,  fundamental 
constants,  and  properties  of  matter.  Issued  six  times 
a  year.  Annual  subscription:  Domestic,  $5.00; 
foreign,  $6.00*. 

•  Mathematics  and  Mathematical  Physics 

Studies  and  compilations  designed  mainly  for  the 
mathematician  and  theoretical  physicist.  Topics  in 
mathematical  statistics,  theory  of  experiment  design, 
numerical  analysis,  theoretical  physics  and  chem¬ 
istry,  logical  design  and  programming  of  computers 
and  computer  systems.  Short  numerical  tables. 
Issued  quarterly.  Annual  subscription:  Domestic, 
$2.25;  foreign,  $2.75*. 

•  Engineering  and  Instrumentation 

Reporting  results  of  interest  chiefly  to  the  engineer 
and  the  applied  scientist.  This  section  includes  many 
of  the  new  developments  in  instrumentation  resulting 
from  the  Bureau’s  work  in  physical  measurement, 
data  processing,  and  development  of  test  methods. 
It  will  also  cover  some  of  the  work  in  acoustics, 
applied  mechanics,  building  research,  and  cryogenic 
engineering.  Issued  quarterly.  Annual  subscription: 
Domestic,  $2.75;  foreign,  $3.50*. 

TECHNICAL  NEWS  BULLETIN 

The  best  single  source  of  information  concerning 
the  Bureau’s  research,  developmental,  cooperative 
and  publication  activities,  this  monthly  publication 
is  designed  for  the  industry-oriented  individual 
whose  daily  work  involves  intimate  contact  with 
science  and  technology — for  engineers,  chemists , 
physicists ,  research  managers,  product-development 
managers ,  and  company  executives.  Annual  subscrip¬ 
tion:  Domestic,  $1.50;  foreign,  $2.25*. 

•Difference  in  price  is  due  tc  extra  cost  of  foreign  mailing. 


NONPERIODICALS 

Applied  Mathematics  Series.  Mathematical 
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